Abstract. Worldwide information about Tabanidae is biased toward taxonomical research, which has been the main source of diversity data for this group of fl ies. In Ecuador, studies on horse fl ies have been irregular since the fi rst descriptions of three Andean specimens in 1848. Catalogues, checklists and collections in national museums demonstrate that despite its size, Ecuador is at present the richest country in number of tabanids species in the Neotropics after Brazil, Colombia and Mexico, and has one of the highest numbers of species per unit area. The tabanofauna is predominantly shared with Colombia (62.6%), Peru (47%), Brazil (35.9%), Panama (35.4%), and Venezuela (30.3%) that have biogeographic areas in common with Ecuador. Endemism rate of this group is around 12.6%, with Diachlorus, Dicladocera, Esenbeckia, Eristalotabanus (monotypic), and Leucotabanus genera as the most representatives. We add new records of Tabanidae for the country. The genus Hemichrysops was recorded for fi rst time. The number of species in Ecuador now totals 198. A catalogue of all Ecuadorian species is compiled with a localities-gazetteer. We also present and discuss for the fi rst time, the distribution of well known horse fl ies species (Chrysops varians var. tardus, Dicladocera macula and Fidena rhinophora) using georeferenced localities and niche modelling analyses.
A ccording to the last catalogue of Neotropical Tabanidae (Fairchild & Burger 1994) , 1172 valid species and subspecies have been described from the Neotropical Region of which larvae are known from only 4.1% (Coscarón 2002) . In Ecuador, the study of tabanid fl ies began with the description of three Andean species from Quito: Esenbeckia testaceiventris Macquart 1848, Tabanus peruvianus Macquart 1848, and Dasychela ocellus (Walker) 1848. Since these fi rst descriptions, sporadic collections and expeditions by international governmental and private institutions have been the main source of diversity information for this group. Most of the Tabanidae records from Ecuador have been reported singly in scattered publications.
Ecological studies on Ecuadorian Tabanidae are scarce as only three reports have been found in the literature. Buestán (1980) identifi ed within a oneyear survey in the Guayas province, a unimodal peak of abundance for three perennial fl y species in the summer. Buestán (2006) reported the transmission of Dermatobia hominis bot fl y (Diptera: Oestridae) by Chrysops varians var. tardus. Th is was the fi rst case of a horse fl y-vectored myiasis reported in Ecuador. Such information makes these fl ies of particular socioeconomic importance. Cárdenas (2007) presented a detailed ecological study of changes in horse fl y communities along a 1-km altitudinal gradient in a Chocoan cloud forest. Th ere were signifi cant diff erences in heterogeinity and evenness of tabanid communities, and an important role of climatic variables in the daily activity of these fl ies.
Th e biogeography of Ecuadorian tabanofauna is completely unknown. Only two important works by Fairchild (1969a Fairchild ( , 1969b reviewed the distributional patterns of tabanids in Central and South America. Biogeographic "zones" identifi ed by Fairchild are remarkably similar to biogeographical regions proposed by Morrone (2001 Morrone ( , 2006 on which our comments and discussions are based.
Th ough tabanids have been implicated in transmission of pathogens of relative importance of cattle and humans (Krinsky 1976; Davies 1990; Otte & Abuabara 1991; Buestán 2006) further research on natural history, vectorial capabilities and control are necessary. A starting point to achieve these goals is the use of numerical technologies such as georeferenced databases, geographical information system (GIS) and niche modelling analyses. Th ese techniques represent the basic elements of modern investigations of species distributions (Elith et al. 2006) with widespread applications in biogeography, macroecology, evolution (Graham et al. 2004) , parasitology and disease transmission (Peterson 2006) . It is therefore necessary to rely on complete and updated species georeferenced localities databases of collected specimens. Museum fauna checklists are thus indispensable (refer to Gorayeb 1993 and Henriques 1995 for catalogue examples; see Winston 2007 for a discussion on this subject).
We present a revision of the Ecuadorian tabanid fauna. We fi rst compared the taxonomic diversity with other biogeographically-related countries and provide a gazetteer of georreferenced collection localities. Second, we analyze the potential distribution of three well known species (including bot fl y vector Chrysops varians var. tardus) using maximum entropy ecological niche modelling. 
Materials and methods

Horse fl y diversity in Ecuador compared to other Neotropical countries
In order to catalogue all Ecuadorian Tabanidae species, we confi rmed the presence of each species in all available publications on Neotropical Tabanidae. We also visited the collections of C-JB, MEPN and QCAZ (see Appendix 3 for the acronyms). A total of 2,893 Ecuadorian horsefl y specimens were identifi ed to species level. Such identifi cations were made using original descriptions, generic revisions and/or specifi c keys. Identifi cation of MEPN and QCAZ material followed the methodology detailed in Cárdenas (2007) . Briefl y, it consists of following keys and available original descriptions as well as comparisons with type-specimen illustrations and identifi ed material from museums (e.g. INPA). Morphological measurements were also taken into account when available in literature. Also, comparisons with CAS and MCZ typematerials available online were done in order to confi rm the identifi cation of some species. Pictures of type specimens were also sent by curators of foreign museums for evaluation. Frontal and divergence indexes, body and wing lengths of some new records are abbreviated FI (Frontal Index), DI (Divergence Index), BL (Body Length) and WL (Wing Lenght). C-JB identifi cations were made by Jaime Buestán. For comparing Ecuadorian tabanids fauna with other Neotropical countries, we took account new taxonomic descriptions and rearrangements, checklists and reports, published since the last catalogue of Neotropical Tabanidae by Fairchild & Burger (1994) (see Appendix 1 for a complete reference list). In total, two genera, one subgenus and 50 species have been described since 1994. In addition, nine species have been synonimized, one has been revalidated, and two were transferred to related genera. Our analyses are thus based on 1214 valid Neotropical species. Th e number of species of Tabanidae in each country (see tab. 1 and fi g. 3), was therefore based on the Fairchild & Burger's (1994) catalogue and subsequent publications on the Neotropical fauna. In the case of Chile, the scoring of valid species was complemented by the catalogue by Coscarón & González (1991) . When the presence of a species in a country was dubious in Fairchild & Burger's catalogue (e.g. "?Brazil") the information was discarded unless the presence of the species was confi rmed by subsequent publications. For example the presence of Fidena schildi in Brazil, questioned in the Fairchild & Burger (1994) catalogue was confi rmed by Henriques (1995) . Fairchild & Burger (1994) described the distribution of widely-distributed taxa using geographical ranges (e.g. Dichelacera fasciata distribution: Nicaragua to Ecuador). In such cases, we included every country intersected by an imaginary parsimonical line between the two cited localities and tried to confi rm the presence of species in the hypothetical range. Th e number of species per country presented in this work is strictly based on species-level identifi cations and reports available until September 2009. Finally, we calculated every country-specifi c diversity density of Tabanidae by dividing the total number of species by the corresponding land area of each country in km 2 .
Horsefl y distribution and ecological niche modelling
To characterize the potential distributions (approximation of the fundamental niche) of selected horse fl y species in Ecuador, we compiled presence data (realized niche) from voucher specimens collected in the past two decades and deposited in Ecuadorian collections, and bibliographic records. We selected three species to be modeled based on the number of available records (n ≥ 20, see Hernandez et al. 2006) , and ease and certainty of identifi cation. Th ese species were Chrysops varians var. tardus (n = 30), Dicladocera macula (n = 24), and Fidena rhinophora (n = 22) (see Appendix AS 4 and AS 5 for complete localities records and gazetteer). Chrysops varians var. tardus is a widely distributed species in Neotropical lowlands and midlands from Panama to southern Brazil including Trinidad, Paraguay, Bolivia, Guyana, Colombia, Ecuador and Peru (Fairchild & Burger 1994) . Manrique-Saide et al. (2001) also reported this species from Mexico (Campeche and Yucatán States). Dicladocera macula is a relatively common species in the Andean countries. Its distributional range covers cool wet highlands of Venezuela, Colombia, Ecuador, Peru and Bolivia (Wilkerson 1979; Fairchild & Burger 1994) . Fidena rhinophora has been reported from Mexico to eastern Venezuela and Peru (Fairchild & Burger 1994) in areas with high rainfall (between 600-1800 m in Panama, Fairchild 1986). Niche-based modelling was realized using MAXENT (version 3.2.1), a maximum entropy machine learning package freely available online (http://www.cs.princeton.edu/~schapire/ maxent/) Phillips & Dudik 2008 ). MAXENT has been tested in a wide range of climatic regions and demonstrated to perform well compared to other modelling techniques in predicting potential distribution using small sample presence-only occurrences (Elith et al. 2006; Hernandez et al. 2006) . Likewise, Pearson et al. (2007) found positive and signifi cant results with as few as 5 occurrence points under the MAXENT model using a Jackknife validation approach. Georeferencing of all horsefl y species fi rst consisted in dividing geographical information into nine categories (Wieczorek et al. 2004) . Specimens falling into the categories (1) "dubious", (2) "can not be located", and (3) "demonstrably inaccurate" were eliminated. Remaining geographical information (falling into categories 4-9, Wieczorek et al. 2004) were checked using various available gazetteers (IGM 1978 (IGM -1982 (IGM , 1982 (IGM -1996 ; QCAZ Herpetological section gazetteer; Falling Rain Genomics 2006) or by consulting original collectors whenever possible. Th e georeferencing process used digital maps and GIS software with WGS84 datum. Following the "point radius method" proposed by Wieczorek et al. (2004) we calculated the uncertainity (error) associated to every georeferenced locality. "Point radius method" consisted in taking each locality as a circular space of probabilities and a radius to describe the maximum distance from a fi xed point (georeferenced locality) within which the actual locality is expected to occur (Wieczorek et al. 2004) . We assumed an error of 0 Km. for all the localities georeferenced using a GPS in the fi eld (not for collections older than 2004). Nineteen continuous climate and elevation variables (available online at http://www.worldclim.org/current.htm, Hijmans et al. 2005 ; spatial resolution ~1 km × 1 km) were used to examine the potential distribution of the three selected species in Ecuador (X: -81.009156, -75.193084; Y: -5.012689, 1.456729) . Original climate and topographic grid fi les were converted to ASCII raster fi les using DIVA-GIS v. 5.4. Georeferenced localities per species were transformed to the UTM coordinate system to minimize imprecision. Every map was the result of the analysis of all of the data. For evaluation purposes, we randomly selected 75% of localities as training data and the remaining 25% were used for testing model results. Models were validated using receiver operating characteristic (ROC) analysis, which evaluates model performance independently of arbitrary thresholds at which presence of the species might be accepted (Pearce & Boyce 2006) . Th e ROC analysis assesses model performance by plotting the proportion of presence points correctly predicted vs. the proportion of absences correctly predicted across all possible thresholds. Good model performance is characterized by large areas under this curve (AUC) (Elith et al. 2006) . AUC values ranges from 0 to 1 where 1 indicates perfect discrimination, and 0.5 random discrimination. Values below 0.5 indicate that models are worse than a random prediction therefore, results under 0.5 may not be taken into account (Elith et al. 2006) . To avoid sample auto-correlation, we used the "remove duplicate presence records" option. Regularization multiplier, maximum number of iterations, convergence threshold, and maximum number of background points (pseudo-absences), were set by default. For threshold selection we chose the "equal training sensitivity and specifi city" threshold (Liu et al. 2005 ). A jackknife test was then performed with all data to estimate the weight of each environmental variable in the model. Finally, based on test 
Figure 2
Richness of endemic (solid boxes) and native species (dotted boxes) within Ecuadorian genera (empty boxes) in the Neotropics. n corresponds to the number of described Neotropical species per genera. Names denoted by † are monotypic. An ‡ symbol is assigned to taxa with specifi c richness (r) 2 ≤ r < 10. Total number of analyzed species N = 1089. results, we compared raster maps of variable contributors with the obtained distribution models of each species in order to infer intraspecifi c climatic and habitat preferences.
Results
A historical review of the Ecuadorian tabanid fauna
Th e evolution of tabanid descriptions in Ecuador showed in Figure 1 , represents the accumulation of valid species described and/or recorded from Ecuador since 1848. Our work lists a total of 198 Tabanidae species from Ecuador. Since late 1920´s, the number of documented Tabanid species has been based mostly on collection surveys rather than on descriptions of Ecuadorian fauna, which clearly refl ects the poor systematic research from Ecuadorian entomologists within this group. Since 1920, two periods characterize the temporal trend of horsefl y species description in Ecuador (fi g. 1, solid line). Th e fi rst period mainly nourished by the works of Kröber (1934) , Campos (1952) , Fairchild & León (1957) , Patrick & Hays (1968 ), Fairchild (1971 and Buestán (1980) show a 4-fold increase in Tabanid species descriptions since 1920´s. During the second period ) the 1980's knowledge on Tabanid fauna was duplicated in only two decades. Species lists presented in Fairchild & Burger (1994) , Cárdenas & Vieira (2005) , Buestán et al. (2007) and the present work, all contributed to the exponential description of Ecuadorian horse fl ies species during the last two decades.
Diversity of Ecuadorian horse flies
We registered a total of 198 tabanid species with 2 subspecies and 5 varieties for Ecuador. Species belonged to 33 genera, 5 tribes and 3 subfamilies (Appendix 2) and represented 16.3% of the current Neotropical tabanofauna. Around 2.1% of Neotropical species are endemic to Ecuador (12.6% of its tabanofauna) with Diachlorus, Dicladocera, Eristalotabanus (monotypic), Esenbeckia, and Leucotabanus as the most representative genera (fi g. 2). Despite its limited size, Ecuador is the richest country in number of tabanid species in the Neotropics after Brazil, Colombia, and Mexico (fi g. 3) and has the highest density of species diversity per unit area after Panama and Costa Rica (tab. 1).
We report for the fi rst time in Ecuador the presence of six species: (1) Hemichrysops fascipennis collected from north-western Ecuador (western foothill forest); the specimen fi ts very well with the Wilkerson (1979) and Fairchild (1986) descriptions, and INBio plates . (2) Two females of Chrysops bulbicornis, sampled from eastern lowlands (Amazonia, amazonian tropical rain forest), in agreement with Lutz's (1911) original description, fi gured structures, and with Coscarón (1979) 's key, descrip-
Figure 3
Number of catalogued species per country in the Neotropics. Empty boxes are assigned to countries that share biogeographical provinces with Ecuador; dotted boxes are assigned to countries that share biogeographical sub-regions with Ecuador; slashed boxes correspond to countries that share regional biota with Ecuador. Biogeographical categories follow Morrone (2001 Morrone ( , 2006 
Figure 4
Distribution models of three species of Ecuadorian horse fl ies. Black areas correspond to potential distribution modeled with >85% probability of occurrence (>75% for Dicladocera macula). Grey areas correspond to "equal training sensitivity and specifi city" threshold which is diff erent for each species. White dots correspond to collecting localities. Comparisons of diversity densities in Neotropical countries (tab. 1) rank Ecuador as one of the most diverse territories per unit area (7.7 species per 10,000 km 2 ). Costa Rica and Panama are by far, the most diverse countries in proportion to their size (27.6 and 20 species per 10,000 km 2 respectively). Regardless of the great number of species and the relatively high number of ecosystems, Brazil has the lowest specifi c density in Latin America (0.52 species per 10,000 km 2 ), followed by Argentina and Mexico (0.6 and 1.1 species per 10,000 km 2 , respectively).
Ecological niche modelling distribution of three Tabanid species
Chrysops varians var. tardus Wiedemann 1828
Most specimens of C. varians from Ecuadorian collections and in the literature were reported from amazonian tropical rainforests and eastern foothill and montane forests in a relatively large altitudinal range (200-1900 m) with only one record in a western montane forest (Río Guajalito Scientifi c Station, Santo Domingo Prov.). Modelled potential distribution for > 85% probability values of suitable habitat (maximum rate prediction = 91.67%) corresponds to central and southern eastern Andean slopes in amazonian and foothills-montane forests at elevations between 600 and 1300 m (fi g. 4A, black regions). Th e MAXENT "equal training sensitivity and specifi city" cumulative threshold calculation assume presences of C. varians to areas over 22.5 % of presence probability (fi g. 4A, grey zones, p < 0.001). Precipitation of the driest month, mean temperature of the wettest quarter, annual mean temperature and precipitation seasonality predicted 28.4%, 22.5%, 12.5%, and 12.4% of the distribution model, respectively (tab. 2). Jackknife analysis revealed that mean temperature of the wettest quarter, followed by altitude and mean temperature of the warmest quarter, explained most of model variation when isolated (48.8%, 40.6%, and 40.6% respectively). AUC values ranged from 0.947 to 0.922 (using 75% and 25% of data, respectively), indicating a good discrimination of species presence/absence.
Dicladocera macula (Macquart 1846)
In Ecuador D. macula has been recorded between 1600-3400 m on both sides of the Andean cordillera within eastern and western montane forests, paramo and Andean shrubs, which was confi rmed by our niche model analysis (fi g. 4B). Th e MAXENT "equal training sensitivity and specifi city" cumulative threshold calculation assumed presences in areas over 30.8% of presence probability (fi g. 4B, grey zones, p < 0.001). Maximum rate of prediction was of 78.35%. However, based on the MAXENT default output graphic and > 75% predictions, we identifi ed two areas of higher suitable habitat corresponding to western montane forest bioregions (fi g. 4B, black regions).Th e analysis of environmental variable contributions estimated that 69.4% of the model prediction was related to altitude and temperature variables (tab. 2). Further Jackknife analyses (tab. 2) revealed an important contribution of the maximum temperature of the warmest month by itself (~ 86.1%) . Th e omission of any of these variables had a negative repercussion on the gain of the model. AUC values ranged from 0.971, to 0.923 (using 75% and 25% of data respectively), indicating a good discrimination of species presence/absence.
Fidena rhinophora (Bellardi 1859)
In Ecuador F. rhinophora has been recorded between 500-2500 m in chocoan tropical rainforests, Andean shrubs and western/eastern montane and foothills forests. Niche modelling analyses showed a moderately specifi c potential distribution of the species in montane forests of Andean slopes on both sides of the cordillera, which however had the highest distribution probability (fi g. 4C). Potential distribution analysis of >85% probability values of suitable habitat (maximum rate prediction of 93.61%) corresponded to north-western Ecuador, through tropical rainforests to montane forests (fi g. 4C, black regions). Th e MAXENT "equal training sensitivity and specifi city" cumulative threshold calculation assumed presences of F. rhinophora in areas over 26.31% of presence probabilities (fi g. 4C, grey zones, p < 0.001). Th e relative estimates of environmental variable contributions pointed to altitude, wettest quarter, and seasonality precipitation as the most important variables, explaining 31.2%, 14.9%, and 11.8% of the model variance, respectively. Consistently, Jackknife analysis showed that altitude presented the most important information, and that annual temperature range, precipitation seasonality, and altitude, signifi cantly reduced model gain when omitted (~ 8.8%, ~ 7.6% and ~ 5.7%, respectively). AUC values ranged from 0.958 to 0.96 (using 75% and 25% of data, respectively), indicating a good discrimination of species presence/absence.
Discussion
Ecuadorian horsefly diversity
Despite the low number of studies on the Ecuadorian tabanid fauna, compared to Panama (Fairchild 1986) and Costa Rica , our review revealed a high density of species diversity per unit area for the country (tab. 1). Th is result agrees with species densities reported for other families of Ecuadorian insects (Dangles et al., this issue for a thorough review) as well as other groups such as amphibians (Ron et al. in press) and vascular plants (Jørgensen & León-Yánez 1999) .
Diachlorus, Esenbeckia (Esenbeckia) and Leucotabanus, which are Andean and sub-Andean genera, are relatively specialized within their tribes (Fairchild 1969b) , and are represented by high rates of endemicity (fi g. 2). Th ese genera are possibly representing an altitudinal "niche evolution" outcome related to the Andes uplift (based in a Wiens & Donoghue (2004) species diversifi cation altitudinal view). Th eir endemism might also be a consequence of adaptive radiation pushed by recent vicariance processes (Hughes & Eastwood 2006; Ribas et al. 2007; Garzione et al. 2008) as it has been proved for other groups of insects (Brühl 1997) although this has to be confi rmed by historical biogeographic studies based on strong phylogenies. Th is should partly explain the high rate of endemism of the Andean genus, Dicladocera, as well as the probable recent diversifi cation of monotypic genus Eristalotabanus (Fairchild 1969b) (fi g. 2).
Th e overall relatively low rate of Ecuadorian species endemism (2.06% of Neotropical species, fi g. 2.) can be explained by the low sampling eff ort and the scarcity of taxonomical studies on Diptera in the country (Donoso et al. this issue) . Th is assumption is supported by the disproportion between recorded species and the relatively low number of Ecuadorian new species descriptions (fi g. 1): new descriptions are mostly published by foreign entomologists with sampling areas clustered around Quito (fi g. 4D). Th ere is an evident lack of surveys in many biogeographical zones such as in the dry shrubs of southern amazonian and the north-central chocoan tropical rainforests. Buestán et al. (2007) presented a list of about ten "new" species neither confi rmed nor described, illustrating the poor knowledge of the extant fauna in Ecuador and its potential higher endemism. It should also be noted that nearly all Ecuadorian collections represent understorey fauna, for what canopy surveys might provide many surprises.
Tabanid diversity in the Neotropics and its relation with Ecuadorian fauna
Morrone´s (2006) biogeographic areas for Latin America and the Caribbean Islands presented a good classifi cation of the biogeographical distribution of tabanid species (tab. 1). Th e Ecuadorian provinces of Chocó, Cauca, Western Ecuador, Napo and North Andean Paramo shared with Colombia, and TumbesPiura, Napo, and North Andean Paramo shared with Peru could explain the high number of Ecuadorian tabanid species in common with the two countries. Furthermore 35.5% of the Ecuadorian tabanofauna was in common with Brazil (Amazonian subregion) whose biogeographical provinces of Varzea, Ucayali and Yungas are probably the most infl uential for the distribution of equatorial amazonian tropical rainforest biota.
Consistent with Morrone (2006) , Chile has served as a refuge for "ancestral" biota such as the genera Veprius and Protodasyapha. It also shared genera such as Dasybasis, Pseudotabanus and Scaptia with the Austral Kingdom and presented an overlap of Neotropical and Andean taxa like Esenbeckia subgenus Astomyia and Palassomyia (Fairchild 1969b; Burger 1999) . Mackerras (1961) suggested that the "modern" west-pacifi c tabanid fauna might have evolved from temperate Antarctica, southern Africa and Holarctic regions with dispersal to subtropical and tropical regions, where an extraordinary radiation took place. Th e "primitive" genus Dasybasis might be an example of such radiation after migrations from Patagonia northward through the Andean chain (Fairchild 1969b; González 1999 , Morrone 2006 . Th e absence of species in common between the Mexican and Chilean tabanid fauna refl ects the geographic and climatic isolation of Chile, as asserted by Fairchild (1969b) and Morrone (2006) . Th e apparent low diversity of tabanid fauna of Venezuela, known as a megadiverse country with an area 3.5 times Ecuadorian territory, is likely to be due to the absence of studies on this family.
Niche modelling
To our knowledge, this study is the fi rst to use niche modelling analyses to study horse fl y distribution. Our aim was to illustrate possible distributions of selected species restricted to the Ecuadorian territory, rather than trying to fi nd their "exact" suitable habitat (fundamental niche). We are aware that for better results, even at the country level, it is necessary to work with more distribution data (collecting localities), especially from other countries. Another limitation of our modelling approach is that most specimens were collected during the periods of greater horse fl y abundance (e.g. Cárdenas 2007), generally during the optimal months of population abundance during the dry season (Buestán 1980; Desquesnes et al. 2005; Oliveira et al. 2007) . Museum collections are likely to best represent horse fl y optimal habitats. Tabanid presence in less optimal habitats may therefore be underestimated; in few cases horse fl y peak abundances have for example been reported at the beginning or within the rainy season (Barros 2001; Velásquez de Ríos et al. 2004 ). Our results illustrated more essentially the regions that have similar environmental conditions to where the species are known to occur rather than predicting actual limits to their distributional range (Pearson et al. 2007) . Furthermore, nothing is known about the responses of tabanids to other environmental variables such as deforestation, presence of cattle or climate change. Additional physiological and phenological studies are therefore necessary to describe present (and future) horse fl y distribution ranges in a more accurate way. For example, mechanistic niche modelling would allow incorporating the functional traits of organisms and model its distribution, beginning from its physiological responses and constraints to spatial data, into a more natural fundamental niche (as described by Kearney & Porter 2009). Our study should therefore be considered as a fi rst step towards more detailed studies on the biogeography and the macroecology of this group of fl ies.
Altitude was one of the most discriminant variables to explain species distribution, contributing to 69.4% and 31.2% of model predictions for D. macula and F. rhinophora, respectively. According to Körner's (2007) explanations on how altitude relates to many other environmental variables it was no surprising to fi nd such results. For example, the author enumerates some general and relevant altitude-related characteristics that aff ect species distribution, among them, the reduced atmospheric temperature at higher altitudes, which has strong implications for ambient humidity. As an illustration of this importance, the variables that best explained D. macula distribution were all altitudinal-thermal related (tab. 2). Further Jackknife analysis showed that maximum temperature of the warmest month explained most of model gain. Körner (2007) also explained that precipitation, wind velocity and seasonality may greatly diff er from one region to
Figure 5
Distribution models of three species of Ecuadorian horse fl ies (hashed area) superposed to key environmental factors (colour gradient scale, ~ 1 km × 1 km WorldClim layers, Hijmans et al. 2005 , where red colour corresponds to higher values and blue colour to lower values). A, Chrysops varians var. tardus and mean temperature of the wettest quarter; B, Dicladocera macula and maximum temperature of the warmest month; C, Fidena rhinophora and precipitation of the wettest quarter.
another. However, the author shows a global tendency where precipitation in temperate latitudes for example, tends to increase with the increasing of altitude, while in Equatorial latitudes precipitation tends to diminish. Th is phenomenon is particularly true for Ecuador (fi g. 5C, precipitation of the wettest quarter). According to Körner (2007) , precipitation, wind velocity and seasonality are not altitudinal-related because gradients can go in any direction depending on local topography and climatic conditions, but they may aff ect species distribution due to intraspecifi c adaptations to such conditions at precise sites and periods of the year. Th is probable intraspecifi c adaptation seems to be well illustrated by F. rhinophora potential distribution (fi g. 4C and 5C), for which precipitation is probably one of the most important driving variables (tab. 2).
To futher investigate the role of environmental variables on the distribution of the three horse fl y species we compared the modeled distribution of the species and the raster map of the most important variables explaining its distribution (fi g. 5). We found that D. macula prefered habitat with medium to low values of maximum annual temperatures (fi g. 5B). A similar pattern was found when comparing its distribution with the mean temperature of the warmest and coldest quarter variables (results not shown), which probably represent the developing and dormancy seasons for this species, respectively. Th is would suggest that the contribution of the altitudinal variable is mainly explained by low temperature values. A comparison of F. rhinophora distribution with precipitation of the wettest quarter showed that the probabilities of fi nding F. rhinophora were greater within medium to high precipitation values during the three wettest months of the year (Fig. 5C ). Th is coincides with Fairchild (1986) who states that Panamanian specimens were distributed in areas of heavy rainfall. Finally, the distribution of C. varians, which was mainly explained by variables dependent on both precipitation and temperature, was preferentially limited to areas of medium to high temperature and precipitation values, with low annual variations (fi g. 5A). Th e altitude contribution estimated by the Jackknife analysis should therefore be considered as an eff ect of the thermal characteristic of lowlands rainforests. All this suggest that the three modeled species are highly adapted to the altitude they inhabit and therefore to all of the characteristics described by Körner (2007) , explaining why altitude contributed to all models in such a high proportion.
Th e possible presence of the modeled species abroad the actual collecting sites are not astonishing. Th e three species are wide distributed in Neotropics (Fairchild & Burger 1994 ) and seemed to be restricted to specifi c climatic variables. Horse fl ies hold a strong thoracic fl ight muscular system (Bonhag 1949) and are among the speediest fl ying insects of the world (up to 40 m/s for large species such as macula or rhinophora). Th is would allow them to fl y long distances in relatively short time (2.4 km in one-two days, see Cooksey & Wright 1987) what could explain its apparently strong dispersal capacities.
Conclusions
A taxonomic school of Ecuadorian Tabanidae researchers is indispensable in order to document the family´s complex diversity. Collaboration with foreigners programs and institutions (e. g. INPA and Partnerships for Enhancing Expertise in Taxonomy, Tabanidae PEET program, Bayless et al. 2008 ) must improve Neotropical and Ecuadorian taxonomical knowledge of theTabanidae. Likewise, further ecological research on the tabanid fauna is necessary to understand the role and functionality within ecosystems. Macroecological modelling analyses for example, may help to answer both biogeographic and evolutionary questions, basic information for conservation analyses and governmental policy decision-making. Lists are chronologically ordered. Genus or Subgenus descriptions. Chainey & Hall (1996) ; Burger (1999); González (1999) . Species descriptions. Henriques (1993) ; Barros & Gorayeb (1995) ; Henriques & Rafael (1995) ; Chainey & Hall (1996) ; González & Henry (1996) ; Henriques & Gorayeb (1997 Other taxonomical descriptions such as immature stages, unknown adults, type and rare specimens redescriptions and/or ultrastructure body parts descriptions. Henriques & Rafael (1995) ; Burger (1996) ; Coscarón et al. (1996) ; Coscarón et al. (1998) ; González (1998) Taxonomical rearrangements. Henriques & Rafael (1995) ; Chainey et al. (1999); González (1999) .
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Appendix 2.
Catalogue of Ecuadorian species of Tabanidae. Th is catalogue is based on Fairchild & Burger (1994) classifi cation and new taxonomical rearrangements listed in Table 1 . Specimens reported for the fi rst time for Ecuador are marked with *. We do not include the next list of species apparently wrongly labeled as present in Ecuador due to possible nomenclaturaltaxonomical confusions, misidentifi cations, uncertainities, and lack of voucher specimens as stated by Fairchild & León (1986) and other publications: (1) Esenbeckia vulpes cited by Campos (1952) from San Eduardo, Azogues (Cañar? -Guayas? prov.), (2) Tabanus lineola cited by Campos (1952) Buestán et al. (2007) from Cumbe (Azuay prov.); this specimen deposited in CAS collection is not well preserved and Wilkerson & Fairchild (1983) found great diff erences from Venezuelan type; Fairchild & Burger (1994) did not record this species to the country. (9) Fidena atripes cited by Kröber (1933) in Fairchild & León (1986) is apparently misidentifi ed sensu the authors who had never seen any other specimen belonging to that species. (10) Fidena basilaris cited by von Röder (1886) in Fairchild & León (1986) and then by Buestán et al. (2007) from Río Cinto, Mindo (Pichincha prov.) is not well preserved and there is a confusion at generic level (Esenbeckia?). (11) Scione claripennis from "Sta. Inez, Ecuador" cited by Kröber (1930) in Fairchild (1942) , Fairchild & León (1986) , and Buestán et al. (2007); Fairchild & Burger (1994) stated this specimen as costaricana, but they did not include it in Ecuador. We have never seen voucher specimens of any of both species. (12) Scione fulva from "Azogues", cited by Campos (1952) , has never been seen by entomologists. (13) A single specimen of Fidena mattogrossensis from "Napo, Archidona" is not preserved in BMNH as stated by Kröber (1933) in Fairchild & León (1986) . (14) Th e only Chrysops laetus voucher specimen from "Baeza, Napo-Pastaza province" seen by Fairchild & Léon (1986) 
Complete catalogue of Ecuadorian species of Tabanidae.
We present a full list of known species localities distribution. We omitted specimens labels information unless they are reported for the first time for Ecuador (marked with *). Acronyms of reference collections are detailed in Appendix 3. A gazetteer of known localities is provided in Appendix 4. Type-localities have been underlined.
SUBFAMILY PANGONIINAE Tribe Pangoniini
Esenbeckia ( 
Esenbeckia (Esenbeckia) parishi (Hine 1920) CHIMBORAZO: Río Sacramento (C-JB). EL ORO: Bosque Puyango (C-JB). LOJA: Catacocha, Quebrada Chipiango (C-JB). LOS RÍOS: EBFD Jauneche (C-JB). "Ecuador" as locality datum (OSUC in Fairchild & Burger 1994).
-EC -PUCE) (QCAZ); E. C. Tiputini USFQ (TBS) (QCAZ) (MEPN). SUCUMBÍOS: Lumbaqui (QCAZ).
-EC -PUCE) (QCAZ) (C-JB). PASTAZA: Villano (QCAZ).
Fidena (Fidena) flavipennis Kröber 1931 ESMERALDAS: Caimito (estero salado mangle) (QCAZ). MANABÍ: Río de Mache (C-JB).
Fidena ( 
SUBFAMILY TABANINAE Tribe Diachlorini
Acellomyia lauta (Hine 1920) AZUAY: Cumbe (González 1999) . SUCUMBÍOS: El Reventador (QCAZ).
Dasybasis (Dasybasis) excelsior Fairchild 1956 CHIMBORAZO: Danas (Fairchild & León 1986). LOJA: Catacocha (C-JB).
Dasybasis ( Zamora (Fairchild & León 1986) .
Diachlorus curvipes (Fabricius 1805) ESMERALDAS: Playa de Oro (Río Santiago) (C-JB). NAPO: Río Umbuni (C-JB).
ORELLANA: Est. Chiruisla T1,T2, Yasuní (SC -Res. Sta. -EC -PUCE) (QCAZ); Coca (C-JB). PASTAZA: Shell (QCAZ), Shell-Mera (C-JB).
Diachlorus fuscistigma Lutz 1913
"Ecuador" as locality datum (Henriques & Rafael 1999 
Dichelacera (Dichelacera) regina Fairchild 1940
From "Honduras to Ecuador" in Wilkerson (1979) and Burger & Fairchild (1994) .
Dichelacera ( 
Stibasoma (Stibasoma) panamensis Curran 1934
From "Honduras to Ecuador" in Burger & Fairchild (1994) . ESMERALDAS: Quinindé (QCAZ).
Stibasoma ( Burger (1994) and Henriques (2006) . C-JB specimens as P. nigrinubilus in Cárdenas & Vieira (2005) . PASTAZA: Villano, Villano (Tarangaro) (QCAZ).
Philipotabanus (Mimotabanus) opimus Fairchild 1975 BOLIVAR: Balzapamba (Fairchild 1975a).
*Philipotabanus (Mimotabanus) porteri Fairchild 1975 ECUADOR, ESMERALDAS, Kumanii Lodge: 59m., 00º45'23''N 78º55'01,4''W, 14.IV.2006 , 15.IV.2006 , R. Cárdenas Leg., 2££, R. Cárdenas Det. (III.2007 38m., 00º45'19,8''N 78º55'06''W, 14.IV.2006 , R. Cárdenas Leg., 2££, R. Cárdenas Det. (III.2007 41m., 00º45'14''N 78º55'15''W, 14.IV.2006 , R. Cárdenas Leg., 1£, R. Cárdenas Det. (III.2007 69m., 00º45'21,9''N 78º54'59,4''W, 14.IV.2006 Philipotabanus (Melasmatabanus) nigripennis Wilkerson 1979 From "Ecuador" and "Ecuador e. of Andes" as locality data in Wilkerson (1979) and Fairchild & Burger (1994) respectively. Stypommisa hypographa ssp. neofurva Philip 1969 From "Ecuador, no further data (L. Leon)" in Fairchild & Wilkerson (1986) .
Stypommisa anoriensis
Stypommisa maruccii (Fairchild 1947)
From "Nicaragua to Ecuador" in Fairchild & Wilkerson (1986) and confirmed by Fairchild & Burger (1994) . 
Tabanus rubripes Macquart 1838
From "Panama to Paraguay" in Fairchild & Burger (1994) . 
Tabanus sannio
